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INTRODUCTION 

The problem of soil aoldlty has been one of the most Im- 
portant with whloh the eolenoe of agrloulture has had to deal. 
It hae been known for years that a great many of the soils of 
this country are aold and that aold soils are becoming more 
prevalent. Accordingly the attention of a great many e^qperlment- 
ors has been directed towards an Investigation of this problem. 

Since the problem Is very complex a great many theories as 
to the nature and causes of soil acidity have been brought forth. 
These theories have been modified until the present time when 
there remain only two theories, the true acid theory and the 
selective Ion adsorption theory. It Is not necessary that these 
two theories be discussed at any great length In this paper, nor 
Is It desirable that a complete review of the work on these two 
theories be made here. It Is necessary, however, that the funda- 
mental facts and arguments concerning the two theories be stated. 
Therefore a brief review follows. 

The True Acid Theory 
The supporters of this theory believe that the aold reac- 
tion of acid soils Is due to true acids In the soil, principally 
acid silicates In mineral soils, and that when an acid soil Is 
treated with a neutral salt solution the soluble acid liberated Is 
due to double deconiposltlon. 
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One of the oauses that gave rise to the adsorption theory 
of soil aoldlty was Cameron' s'^^ e:qperlment with adsorbent cotton 
and litmus from whloh he oonoluded that the ootton adsorbed the 
basic Ion of the litmus. Truog^"^^ has since shown conclusively 
that Cameron *s explanation Is erroneous since the phenomenon Is 
due to a true chemical reaction between the water Insoluble 
acids of the cotton and the base of the litmus. 

Truog^"^^ has also shown that when side reactions are elim- 
inated approximately equivalent amounts of bases are retained 
when an add soil Is treated with salt solutions having the same 
acid radical. This Is In accordance with the law of affinity of 
acids. 

Data upon this subject also show that the stronger the 
acids of salts having the same base the less the amount of base 
retained by the soil. This Is also In accord with the law of 
affinity of acids. 

Axmsby^^^ pointed out that the equilibria relations whloh 
obtain when soils are treated with salt solutions could be clear- 
ly ejqplalned on the basis of the law of mass action. 

Robertson^^^ also showed that there Is a close relation- 
ship between adsorption and mass action. 

Rloe^^ observed that In the reaction which takes place 
with soils and salt solutions equivalent amounts of bases are 
given up for those retained. 

Wolkoff ^^ concluded that for the soils studied the reac- 
tion between the salts and soil colloids was In accordance with 
the law of mass action. 
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3 
The Selective Ion Adsorption Theory 

Thie theory le baaed on the aesumption that the colloidal 
matter of the soil has the power of adsorbing the cation of a 
neutral salt solution thereby liberating a free acid. 

The advocates of this theory divide all acid soils Into 
two groups: those soils that are truly acid and give an aqueous 
extract which is acid toward litmus; and those soils that do 
not give an a<iueous extract which is acid toward litmus but do 
give an acid extract when treated with neutral salt solutions. 
In the case of the latter soils they hold that the acid extraict 
is not due to double decomposition between the Insoluble acids 
of the soils and the salt solution but that it is due to the 
adsorption of the basic ion of the salt with the liberation of 
a soluble add. 

The principal observations made in support of this theory 

are here stated. 

(2) 
Cameron « from his experiments with adsorbent cotton 

and litmus, concluded ttiat soils like cotton exert a selective 

adsorption for the basic Ion of the litmus. 

Harris ^^ reached the following conclusions: 

1. That equivalent amounts of bases from salt solu- 
tions having the same acid radical are not retained by the soil 
but that the amount of cations adsorbed follows the valence rule 
for the precipitation of colloids. 

3. That the formation of a soluble acid by the double 
decomposition of the Insoluble acids of the soil and the salt 
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4 
solution l8 oontraucy to the law of aiass aotlon unless the new 
salt formed Is more Insoluble than the original acid and that 
this was highly Improbable In the soil reaction. 

3. That the amount of cations retained by the soil 
from a salt solution follows the adsorption equation, namely 

f = AC ^. 

(a) 
Wlegner^^ observed that the exchange of bases between 

soil silicates and neutral salts conforms closely with the ad- 
sorption formula. 
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EXPERIMENTAL 

Purpose of the Experiments 
The objeot of the experiments described In this paper nas 
threefold: first, to see If a true Insoluble aold would be anal- 
ogous to aold soils In Its reaction toward litmus and salt solu- 
tions; second, to see If the factors affecting adsorption apply 
In the soil reaction; amd third, to find out If there Is a 
close relationship between mass action and adsorption. 

Apparatus and Materials Used 

It was realized from the Initial esqperlments that since 
temperature and rate of stirring of the solutions are liQ>ortant 
factors , they should be controlled. Accordingly a thermo- 
stat regulated to .OS® C and equipped with a stirring device by 
which all the solutions could be stirred at a constant rate was 
set up. 

All chemicals used were (Merck's) chemically pxxre. Salt 
solutions were made up with carbon dioxide free water on the 
basis of half normality except where otherwise stated. These 
solutions were made neutral to phenolphthaleln. 

The soils used were Marshall silt loeim and Superior clay. 
The former oontalned a high percentage of organic matter^ the 
latter oontained a small amount. Both of these eoils were typi-- 
oal aoid eoils in their reactions • Each gave a water extract 
that was neutral to litmus but reacted when in contact ^ and gave 
an acid extract when treated with a salt solution. Each soil 
was well mixsd, pulverised, and put through a forty mesh sieve. 
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6 
Prooedure 

In the experiments with soils twenty-five gram saarples 
of soil were treated with 125 o.o. of salt solution. These 
were well mixed in an Erlenmeyer flask and then placed in the 
thermostat whioh had been regulated to the desired temperature. 
The mixture was kept in a constant state of agitation by means 
of stirring rod. After the reaction had gone the desired 
length of time the mixture was filtered on a Bdchner funnel and 
a 100 o.c. aliquot taken for titration with N/35 NaOH which was 
free from carbonates. 

In the e^eriments with stearic acid a one gram sanqple 
of stearic acid was used. The remainder of the procedure was 
the same as where soil was used except where otherwise stated. 

Experiment 1 

The object of this experiment was to see if an insoluble 
acid is analogous to an acid soil in its reaction, and to see if 
the factors affecting adsorption apply in the soil reaction. 

In order to see if an insoluble acid is analogous to an 
acid soil in its reactions with salt solutions, stearic acid was 
treated with a half normal solution of potassium acetate. The 
reasons for selecting stearic acid were that it could be ob-> 
tained in a high state of purity, was a very insoluble acid and 
reacted toward litmus when in contact but gave an aqueous solu- 
tion that was neutral. 

Gibbs^^^ has shown that in a two phase system consisting 
of a liquid and a solid any substeuace which will reduce the sur- 
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faoe tension of the liquid will be adsorbed. Consequently If 
soil aoldlty Is due to adsorption an Increase In temperature 

should decrease the amount of adsorption, slnoe surface tension 

(3) 
decreases with a rise In teaaperature. Mlchaells^ has shown 

that adsorption varies with the surface tension of the solvent 
and that the variation Is In the same direction. Since alcohol 
has a surface tension of only a fraction of that of water It fol~ 
lows that there should be less adsorption from an alcoholic solu- 
tion than from an aqueous one* 

In order to see If these two factors had this effect In 
the soil reaction samples of soil were treated with aqueous and 
alcoholic solutions of potassl\im acetate at different tempera- 
tures. 

It will be noted from data of Table 1 that the Insoluble 
stearic acid reacts In every respect like the Insoluble acids of 
the soil. It liberates a soluble acid from a salt solution and, 
like the soil, the greater the temperature at which the reaction 
takes place, the greater Is the velocity of the reaction and the 
greater the amount of acid liberated. 

To show conclusively that when stearic acid Is treated 
with potassium acetate solution the acidity of the extract Is 
due to acetic acid liberated by the reaction of the salt with 
the Insoluble stearic add euid not to stearic add that has sim- 
ply gone Into solution the following e^qperlment was performed: 
A sample of stearic acid was treated with potassium acetate 
solution, filtered, and the add of the extract titrated with 
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9 
N/8S sodium hydroxide. The extraot required 18.3 c.o. N/S5 
sodium hydroxide to neutralize the aoldity. The stearic aoid 
was then washed and treated with 185 o.o. of N/35 hydroohlorio 
aoid and again filtered. The resulting extraot required 107.8 
0.0. of H/85 sodium hydroxide to neutralize the hydroohlorio aoid, 
leaving a difference of 17.8 o.o. of N/25 hydroohlorio aoid which 
had heen neutralized by a stearate. It is evident, therefore, 
that the difference between the amount of hydrochloric acid used 
and the amount of sodium hydroxide necessary to neutralize the 
hydrochloric acid extraot was closely equivalent to the amount 
of acid liberated when the stearic acid was treated with potas- 
sium acetate solution. The explanation of this equivalence is 
that the stearic acid reacted with the potassium acetate to form 
potassium stearate. The latter salt when treated with hydro- 
ohlorio acid reacted with the aoid to form a neutral salt and an 
insoluble acid, thus neutralising a pairt of the hydroohlorio 
acid. 

It is also to be noted from Table 1 that for both soils 
the hi^er the temperature at which the reaction took place the 
greater was the maxinom amount of acid liberated. This is con- 
trary to adsorption phenomena but is in accordance with chemical 
djmamics. In the case of the alcoholic solutions the total acid- 
ity liberated was far greater than in the case of the aqueous 
solutions, a fact which again is contrary to adsorption. 
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10 
Experiment 3, Adsorption and Mags Aotlon 

Since Armaby and Robertson had pointed oat tiiat there Is 
a olose relationship in certain respects between adsorption and 
mass aotlon it seemed desirable to discover if a close analogy, 
mathematically and experimentally, could be drawn between the 
two* 

The adsorption isotherm equation that has been used for 
1 
soils is i a AC ^ Where 

X « amount of basic ion adsorbed 
m s amount of adsorbing medium (soil) 
A m constant depending upon character of two phases 
C ■ end concentration of substance adsorbed 
^ > constant depending upon the two phases 
In this equation, as applied to soils, m, the amount of soil 
used, has been Icept a constant so that the equation can be sim- 
plified, thus: 
X = mAC? 
mA s constant 
X ■ AC^ in which A now has a different value 



or 



X' 



n 



A^^C 



C_ = 1_ = constemt « K 
x^ A^ 

C =K 
x» 

C = end concentration or («^x) where a « initial concen- 
tration. 
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therefore 

a - X - rt 

n"" - ^ 

X 

One of the general equations for mass action Is 
(a-x) (b-x) , ^ 

X 

Where a and h ajre Initial concentrations of two reacting sub- 
stances 

X s amount reacted 

K s constant depending upon the reacting substances. 

If this equation be applied to the soil reaction with 
salt solutions and b be taken to equal Initial concentration of 
Insoluble acids In the soil, then (b-x) may be considered to be 

practically a constant In so far as It affects the derivation of 
1 

n. For while (b->x) may vary 35 to 50 per cent, yet this varia- 
tion has such little effect upon the e^onent of the denominator 
that when the exponent Is to be derived (b-x) may be considered 
a oonstamt without any appreciable variation In the actual value 
of the exponent. 

The mass law equation, therefore, as applied to soils In 
this case may be written 

£=2 = ^I- • constant 

or 

i9c2L. s E In which K now has a different value. 

The adsorption equation -jj — = K, therefore, differs from 
the mass law equation only In the exponent of the denominator. 

It will be remembered, however, that the value for n In the ad- 
Digitized by VjOOQIC 
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13 
sorption equation vaxles from two to tan and for soil reactions 
Is generally about two. We would^ therefore^ expect that cer- 
tain kinds of mass law data could be substituted In the adsorp-* 

1 
tlon equation with the derivation of the constant n • 

In order to see If such Is the case the following experi- 
ment was performed: 

A one gram sample of stearic acid was treated with 125 c.c. 
of potassium acetate solution of varying normality at 40^ C and 
constantly stirred for one hour. The solution was then filtered 
on a Bilchner funnel and 100 c.c. titrated with N/85 sodium 
hydroxide. From the data thus obtained the Initial concentration 
of salt present ^ the end concentration, and the amount that had 

n 

reacted were calculated and substituted In the formula --3 = K 

1 ^ 

and the constant ir calculated as given In Table 2« 

This experiment clearly shows that mass law data, or data 

derived from purely chemical reactions, may be substituted In 

the adsorption equation with the derivation of the constant H . 

The values thus obtained compajre favorably for their constancy 

with those values which have been obtained when soils are used 

and which have been offered as proof that the phenomenon Is one 

of adsorption* 
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DISCUSSION 

Experiments desorllsed In this paper with stearic aold and 
potass l\im acetate show the fallacy of the argument that the liber- 
ation of a soluble acid from an insoluble one is contrary to the 
law of mass action. These experiments also show that the reac- 
tion of an insoluble acid is in all respects analogous to the 
reaction of acid soils* 

It can be seen from the eigperiment with soil solutions 
at different temperatures and with solvents of different sxirface 
tensions that the data are not in accordance with adsorption 
phenomena. The effect of these two factors is the converse 
of what it would be if the reaction was one of adsorption, but 
is in accordance with true chemical reactions. 

Since the ejgperiments described in this paper show that 

the adsorption equation and th^ mass action equation as applied 

to soils are closely related it would naturally be expected that 

the soil reaction with salt solutions would conform with the 

adsorption equation. It is to be noted in this respect, however, 

that in all the data in which this method of proof of adsorption 

is offered the constant n is derived instead of the constant A 

1 
(or K) • The constant n is an exponent and as such it would not 

be expected to vary considerably. In all the data upon this 

1 
equation as applied to soils the constant n as derived does not 

vary appreciably yet the variation is sufficient to cause the 

other constant A in the equation to vary considerably. Another 

fallacy in this method of proof of adsorption as sometimes given 
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15 
is the fact that the Initial ooncentration of the basio ion is 
used whereas the equation calls for the end oonoentration. This 
error makes the proof of no value* 

In conclusion as regards the value of this argument it 
is sufficient to quote Zsigmondy^^^^ upon this equation* "It 
should not be overlooked that the adsorption isotherms already 
given BJ^e typical for true adsorption phenomena; and wherever 
these isotherms fit the case many experimenters regard the re- 
actions as pure adsorption even when there is some evidence to 
the contrary. It should also be remembered that the formula 
has no theoretical foundation^ and that the incorporation of 
two constants makes it a very flexible interpolation formula." 
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SUMMARY 

All data upon this subject go to show that the reaotion 
between acid soils and salt solutions Is In accordance with true 
chemical reactions and not with adsorption* 

Experiments described In this paper show: 

That In all respects the reaction of an acid soil with 
potassium acetate Is analogous to the reaction of an Insoluble 
acid. 

That the formation of soluble acids by the action of 
soluble neutral salts on Insoluble adds Is not contrary to the 
law of mass action. 

That the factors of temperature and solvent which Influ- 
ence the reaction between acid soils and neutral salt solutions 
have an opposite effect to what they would have If the reaotion 

was one of adsorption. 

1 
That the derivation of the constant n In the adsorption 

equation Is not a proof of adsorption since mass action data 

obtained from chemical reactions between solutions and Insoluble 

substances can be substituted In the adsorption equation with 

1 
the derivation of the constant n with just as satisfactory re- 
sults as when true adsorption data are used. 
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